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SUMMARY

A Jow-speed wind-tunnel investigatlion was made to determine the
effect of teper ratio on the static and yawing stabllity derivatives of
three tapered wings each with a constant sweepback of U5° at the quarter-
chord line and with an aspect ratio of 2.61. The wings were of the
NACA 0012 airfoil section in planes perpendiculer to the quarter-chord
line. The wings had taper ratiocs of 1.00, 0.50, and 0.25.

The results of the tests in straight flow indicated thet the 1ift-
curve slope at low and moderate 1ift coefficlemts was almost unaffected
by changes in taper ratic. The aerodynamic center at low 1ift coefficients
shifted rearward 11 percent of the mean asrodynamic chord with a decrease
in teper ratio from 1.00 to 0.25. For low and moderate 1ift coefficlents,
the rate of chenge of effective dihedral with 1ift coefficient decreased
as the wing taper ratio decreased.

The results of the tests in yawlng flow indiceted that the rate of
change of rolling moment due to yawing with 1ift coefficient decreased as
the wing taper ratio decreased. The change in taper ratio had 1little
effect on the yawlng moment due to yawing.

In general, the trends in the characteristics resulting from effects
of taper were indicated with fair accuracy by the available theory.

INTRODUCTION

Estimation of the dynemic flight characteristics of airplanes
requires a knowlsdge of the component forces and moments resulting from
the orlentation of the ailrplane with respect to the air stream and from
the rate of angular motion of the alrplane about each of 1ts axes. The
forces and moments resulting from the orientation of the airplane normally
are expressed as the static stability derivatives , which are readily
determined from conventional wind-tunnel tests. The forces and moments
resulting from the angular motions (rotary derivatives) have generally
been estimated from theory because of the lack of a convenient experi-
mental technique.
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The recent application of the rolling-flow and curved-flow
principle in the Langley stabllity tunnel has msde possible the
determination of both rotary and static stebllity derivatives with
about the same ease. Preliminary tests (data obtained in the ILangley
stabllity tunnel) have indicated that although the rotary stabllity
derivatives of unswept wings of moderate or hlgh aspect ratio can be
predicted quite accurately from the avallable theory, the use of
sweep and, perhaps, low aspect ratio introduces effects which are not
readily amenable to theoretical treatment. For this reason, & systematic
research program hes been egstablished for the purpose of determining
the effects of various geometric varlebles on both rotary and static
stabllity characterlstics.

This paper presents the results of an investigantion made to
determine the effect of taper ratio on the static and yawing stability
derivatives of three tapered wings each with & constant sweepback of 45°
at the guarter-chord line and with an aspect ratio of 2.61L. The experi-
mental results are compared with theory.

SYMBOLS

The data are presented in the form of standsrd NACA coefficients of
forces and moments which are referred, in all cases, to the stabillty
axes with the origin at the querter-chord point of the mean asrodynamic
chord of the models tested. The positive directions of-the forces,
moments, and angwlar displacements are shown in figure 1. The coefficients
and symbols used hereln are defined as follows:

Cy, 1ift coefficient (L/qS)

Cx longltudinal-force coefficient  (X/qS)

Cp drag coefficlent (-Cx for ¥ = 09)

Cy lateral-force coefficient (Y/qS)

Ci rolling-moment coefficient (L'/qSb)

Crp - pliching-moment coefficient (M/qSE)

Cp yawing-moment coefficient (N/qSb)

L 1ift .
X longitudinal force

Y lateral force i

L' rolling moment about X-axis
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pitching moment about Y-axis

yawing moment about Z-axis

dynamic pressure (%Q'VQ)

mass density of ailr

free-stream velocity

wing area

span of wing measured perpendicular to axls of symmstry
chord of wing, measured parallel to axis of symmetry

b/2
mean aerodynamic chord § f 026,7
0

distance measured perpendicular to the axis of symmetry

distence of quarter-chord point of any chordwise section from
leading edge of root section

dlstance from leading edge of root chord to quarter chord of
6 b/2
mean aerodynsmic chord % f cx dy
)
aspect ratio (b2/S)
taper ratio (Tip .chord./‘Root. chord)
angle of attack measured in plane of symmetry, degrees
angle of yaw, degrees
engle of sweep, degrees
yawing-velocity parameter
yawing angular velocity, radians per second
X
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APPARATUS, AND TESTS

The tests reported herein were conducted in the 6- by 6-foot test
section of the Langley -stability tunnel. In this test section, curved
flight is spproximately simulated by causing the alr to flow in a curved
path about a fixed model.

The models tested were three wings of NACA 0012 alrfoll sectlon in
pPlanes perpendicular to the quarter—chord llne. The wings had teper
ratios of 1.00, 0.50, and 0.25. Yor detalls of these wings, see
figures 2 and 3. In the present tests, the models were mounted rigidly
on a single support strut at the quarter—chord point of the mean
aerodynamic chord of the model. The forces and moments were measured
by means of electrical strain gages mounted on the strut.

All the tests were made at a dynemic pressure of 24.9 pounds per
square foot, which corresponds to a Mach number of 0.13. The test
Reynolds numbers besed on the mesn serodynsmic chord of the models
varied from gbout 1,100,000 for the wing with a taper ratio of 1.00
to 1,230,000 for the wing with a taper ratio of 0.25.

The characteristics of the wings were determined in both straight
and yawing flow. In the straight—flow tests, six—component measurements
were made for each wing through an angle—of-ettack range from about ~4°
up to and past the angle of maximum 1ift;—at angles of yaw of 0° and +5°,
The tests 1n yawing flow were made at an angle of yaw of 0° and for
four different wall curvatures corresponding to the values of rb/2V
of 0, —0.0316, —0.0670, and —0.0883. In the yawing-flow tests each
model was tested through an angle—of-attack range from about —4° up to
and past the angle for maximum lift coefficient.
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CORRECTIONS

Approximate corrections, based on unswept-wing theory, for the
effects of the Jet boundaries have been applied to the angle of sattack,
the longitudinal-force coeffilclent, and the rolling-moment coefficlent.
The lateral-force and yawing-moment coeffliclents have been corrected for
the buoyancy effect of the static-pressure gradient assoclated with
curved flow.

The values of C7’r have been corrected for the tare assoclated with

the induced load resulting from the presence of the strut for the wing
at an angle of attack of 0°. The same correction was epplied throughout
the angle-~of -attack range.

No other tare correctlons heve been applled to the data. Corrections
for the effects of blocking, turbulence or for the effects of static
rressure gradient on the boundary-layer flow have not been applied to
these results.

RESULTS AND DISCUSSION

Characteristics in Straight Flow

For the range of taper ratio investigated, the change in taper
ratlo had 1little effect on the longlitudinal-force coefficients at low
and moderate 1ift coefficients. At high 1ift coefficients, higher
longitudinal -force toefficlients were obtalned wlth the wings of
decreased taper ratio (fig. 4), probably because of more severe tip
stalling. Calculations (reference 1) have indicated that the induced
drag of sweptback wings 1s not greatly dlfferent from the induced
drag of elliptic unswopt wings. The lncrement of drag 'bha.g is not

assoclated wlth 1ift is, therefore, approximately Cp - %' Curves

Cr,
of Cp - e plotted against Cr, for the three wings considered in

the present Investligation are shown in figure 5. The rapid rise in
the curves above a 1ift coefficient of ebout 0.6 indicates the presence
of flow separation from certailn parts of the wing. Iarge changes in
some aerodynamic characteristice may occur when separation begins, as
CL 2

is indicated by the increase I1n the value of drag increment Cp - mT

At a 11ft coefficient of about O. 6 all the wings showed an increase
in the lift-curve slope, but the increa.se became smeller as the taper
ratio decreased. (See fig L.) At 1ift coefficients less than 0.6,
change in taper ratlio had very little effect on the lift-curve slope.
As can bs seen from figure 6 , the trend of the slopes obtalned experimentally
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for this range of lift-coefflclents is not 1n agreement with the
trend in cLa, predlcted for taper by the Welssinger theory and

presented in reference 2.

Decrease 1n taper ratio had 1little effect on the maximum 1ift
coefficient; however, the angle of-attack for maximm 1ift coefficilent
is increased with a decrease in taper ratio.

The effect of taper ratio on the pltching-moment coefflcients can
be seen in figure L. The position of the aerodynamic center for each
wing was computed from these data for 11ft coefflclents up to 0.6 and
the data are presented in figure 6 together with the theoretical
variation of the position of the asrodynamic center with taper ratio
as obtalned from reference 2. The experimental date indicate a
rearward shift (equal to about 11 percent of the M.A.C.) of the
aerodynamic center as the taper ratio is decreased from 1.00 to 0.25.
This movement 1s in falr agreement with theory; however, the experimental
date in each case indicate a more rearward position of the aerodynamic
center than that predicted by theory. For the wing with taper ratio
of 1.00 (see fig. k), a rearward shift in the aerodynsmic center of

about 11 percent mean aerodynamic chord occurs at a 1ift coefficéent of

. c
about 0.6 (1ift coefficient at which the drag increment Cp - E%— starts

to risegl. Only a small shift in aerodynamic center occurred at this 1if't
coefficient for the wing with taper ratio of 0.50 and almost no shift

for the wing with taper ratio of 0.25. Some changes in aerodynamic-
center position, therefore, can probably be avolded through the proper
choice of taper ratio. For these tests the stabilizing shift of the
aerodynamic center encountered above a 1lift coefficient of 0.6 for the
wing with taper ratio of 1.00 was minimized by decreasing the taper ratilo.

The effect of taper ratio on’ the statlic lateral-stability derivatives
can be seen in figure 7. The values of CZ\& increased almost linearly

but at slightly dlfferent rates with 1ift coefficlent for each wing
tested and reached & meximum at a 1ift coefficient of-about 0.6. The
maximum value of Cl\y obtalned decreased with a decrease in taper ratio,

probably because the tip-stelling tendencles of sweptback wings are
aggravated by a reduction in taper ratioc. )

For low and moderate 1ift coefficlents, the rate of change of
effective dlhedral C3 , with 1lift coefficient OCp decreased wlith a

decrease in taper ratio A and this variation is shown in figure 8,
which is a plot of CIM/GL against A. The value of Clt/bL at taper

ratio of O was obtained from reference 3 for a triangular-plan-form wing
of NACA 0012 airfoil section having an aspect ratio of 3. The quarter-
chord line of this wing was sweptback 45°. Although the aspect ratio
for this wing was slightly higher than that of the other wings reported
herein, it 1s believed that the value of CZ¢ Cr, for the wing with
taper ratio of 0 would notbe altered emough to make an appreciable
difference in the varistion shown.
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For comparison, the theoretical variation of Ciy/Cr, with A for

450 gyeptback wings 1s also shown in figure 8. The theoretical variation
was determined by the methods presented in reference 4. Although these
values of CN‘/CL are lower than the test valunes, the decrease in the

values with a decrease 1n taper ratio is similar to the test results.

The previous dlscussion dealt with the variation of 01,#/01, at

1ift coefficients below 0.6. Beyond a 1lift coefficient of about 0.6
(see fig. T) , the values of 01.4’. deviated from their original linear
trend and the valuesa of CH; dscreased rapldly with an increase in 1ift

coefficlent. The deviatlons of the experimental date from the initial
slopes probably results from tip stalling, an indication of which, a.s2

was pointed out before, may be the increase in the quantity Cp - ~—

that results with an increase in 1ift coefficient. Any vau:':f_za:l:fi.onasTtA

in test comditions, such a.sea.n increase 1in Reynolds number, that might
c .

cause the quantity Cp - m—lL\._ to increase rapidly at a higher 1ift

coefficient probably would also cause the derlivative (3 ¥ to maintein
its initlal linear trend to & higher 1lift coefficient.

The effect of taper ratio on the velues of C
and is probably unimportent.

ny and CY* is small

Characteristics in Yawing Flow

The rate of change of rolling moment due to yawing Czr with 1ift
coefficient Cp generally decreased slightly with a decrease teaper
ratio A. (See fig. 9.) At a 1lift coefficient of about 0.6 (1ift
coefficient at which the drag increment Cp - %"— starts to rilse) the

variation of 07, with C7, shows an abrupt change from the initial
linearity.

The test values of Clr/CL are compared in figure 10 with theoretical

results computed by the methods of reference 4. The test values show &
trend with taper ratio similar to that predicted by theory but in each
cage the test points are higher then the theoretlcal values.

The change in teper ratlo has very little effect on the velues of Cnr

at low and moderate 1lift coefficients as can be ssen in flgure 9. Ths
theoretical values of Cn,, are compared wilth test data in figure 11 and

the agreement 1s good except at 1ift coefflcients at or near the stell.

The values of GYr become more positive with a decrease 1n btaper

ratio. (See fig. 9.) This change, however, 1s probably of little
significance with regard to ailrplane stablility.
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CONCIUSIONS

The results of & low-speed wind-tunnel investigation made to
determine the effect of taper ratlo on the static and yawing stability
derivatives of three tepered wings each with a constant sweepback
of 45° at the quarter-chord line and with an aspect ratio of 2.61
indicated the followlng conclusions:

1. In general, the trends in the characteristics resulting from
effects of taper ratio were indicated with fair accuracy by the
available theory.

For tests in stralght flow:

2. The lift-curve slope was slmost unaffected by changes 1n taper
ratio at low and moderate 1lif+t coefflcients.

3. The aerodynamic center at low lilft coefficients shifted rearward
11 percent of the mean aerodynamic chord with a change 1n taper ratio
from 1.00 to 0.25. -

L. For low and moderate 1lift coefficlents, the rate of change of
effective dihedral with lift-coefficlent decreased with a decrease in
taper ratio.

For tests 1n yawing flow:

5. The rate of change of rolling moment due to yawing with 1ift
coefficient decreased with a .decrease in taper ratio.

6. The change in taper ratio had little effect on the yawing
moment due to yawing.

Langley Memorial Aeronsutical Laboratory _
National Advisory Committee for Aeronsutics
langley Field, Va., Mey 6, 1948
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Kelalive wind s

Section B-8

Figure 1.- System of axes used. Positive directions of forces, moments, and
angles are indicated,



Figure 2,- Photograph of wing having taper ratio of 0.25 mounted in curved-
flow test section of Langley stability tunnel.
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